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Abstract
To investigate the roles of Escherichia coli in the pathogenesis of postpartum uterine diseases in dairy cows, a total of 
145 E. coli isolates were recovered from 18 healthy cows (61 isolates) and 25 cows with clinical endometritis (84 isolates) 
at 25–35 days after parturition.  Genomic characteristics including phylogenetic grouping, genetic diversity and virulence 
genes of E. coli isolates were screened to profile the characteristics related to uterine infections.  The susceptibility of the 
bacteria against 23 antibiotics was also evaluated to support prevention and treatment of clinical cases.  Genetic diversity 
of E. coli identified by random amplification of polymorphic DNA (RAPD) revealed 103 clonal types, including 3 common 
types to unaffected cows and endometritis cows, 39 types specific to healthy cows and 61 types in endometritis subjects. 
In addition, the isolates from endometritis uteri showed more genetic variability compared with that of healthy cows.  Ac-
cording to the findings of phylogenetic grouping, the E. coli isolates were assigned to group A (35.9%), B1 (59.3%) and D 
(4.8%).  The expression of 10 of 20 virulence gens were detected positively, and only fimH gene was revealed significantly 
(P<0.05) associated with endometritis.  From antimicrobial susceptibility test, E. coli was found highly resistant to tetracy-
cline, ampicillin, carbenicillin and amoxicillin, but sensitive to amikacin, netilmicin, tobramycin, cefepime and ceftazidime. 
In conclusion, E. coli were extensively observed in both healthy and endometritis cows, and presented a large clonal types, 
however, fimH was the only gene observed associated with clinical endometritis.  Our results suggest that the drugs like 
amikacin, netilmicin, tobramycin and cefepime could be considered for preventing and treating clinical endometritis in the 
practical management of dairy cow.
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1. Introduction
Bovine uterine diseases caused by the bacterial contam-
ination in their uteri after parturition usually causes great 
economic losses due to lower conception rates, longer 
calving intervals, and increased culling rates (LeBlanc et al. 
2002; Gilbert et al. 2005).  Escherichia coli is considered to 
be the most relevant bacteria involved in the establishment 
of puerperal uterine infection and persistence of uterine 
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disease, resistant to antibiotic treatments and may have 
synergic action with the other bacteria such as Arcano-
bacterium pyogenes (Sheldon et al. 2002; Williams et al. 
2007).  Furthermore, E. coli is also isolated from the uterus 
of cows that do not develop clinical disease (Williams et al. 
2005; Peng et al. 2013).  However, the role of E. coli in the 
pathogenesis of clinical and subclinical metritis/endometritis 
is unknown.  Development of the clinical disease is probably 
dependent on the imbalance between host immunity, the 
pathogenicity of the bacteria and environmental conditions. 
Kaper et al. (2004) reported that some E. coli such as the 
E. coli O157:H7 are extremely associated with intestinal 
diseases.  Other studies showed that E. coli belonging to 
phylogenetic group B2 or sometimes to group D carry a 
small number of virulence factors and are often pathogenic 
(Picard et al. 1999; Johnsen and Stell 2000).  It implies that 
the genomic characteristics and virulence of bacteria may 
be relevant to the establishment of uterine diseases (Silva 
et al. 2008).  In China, postpartum uterine infections includ-
ing puerperal metritis and clinical endometritis are pivotal to 
the dairy industry due to profound reduction of reproductive 
performance, milk production and economic profit (Kong 
et al. 2005; Hou and Xu 2008).  In this context, the overuse 
of antibiotics is creating resistant bacteria and residues in 
milk that consequently poses the public health at risk.  In the 
postpartum cows, some Chinese researchers have found 
E. coli as the most endemic pathogen in the uterus through 
cultivation method (Wang et al. 2001; Qin et al. 2012).  In 
our previous study, we also observed high prevalence of 
E. coli isolated from the uterus of healthy and endometritis 
cows at the days 10 and 40 following parturition (Peng et al. 
2013).  However, the genomic characteristics and antibiotic 
susceptibility of E. coli isolates in the puerperal uterus, and 
the association of their virulence factors with uterine diseases 
are rarely known.  The objectives of the present study were 
to collect E. coli isolates from the uterus with either postpar-
tum healthy cows or endometritis cows, to identify genomic 
characteristics and antibiotic sensitivity, and to evaluate 
their association with the uterine infections.  The genomic 
characteristics included phylogenetic grouping, analysis of 
genetic diversity and the detection of virulence genes.
2. Results
2.1. Phylogenetic grouping
Total 145 E. coli isolates were collected from healthy (18 
cows, 61 isolates) and clinically endometritis (25 cows, 84 
isolates) postpartum cows.  All E. coli isolates were cate-
gorized (Fig. 1) into group A (52 isolates; 35.9%), group 
B1 (86 isolates; 59.3%), and group D (7 isolates; 4.80%). 
Phylogenetic group B1 were equally assigned in healthy (41 
isolates; 47.7%) and endometritis (45 isolates; 52.3%) cows. 
Comparatively, group A represented greater percentage of 
isolates in endometritis (38 isolates; 73.1%) than healthy (14 
isolates; 26.9%) cows, however, vice versa was noticed in 
animals of group D (5 isolates from healthy, 71.4 % vs. 2 
isolates from endometritis, 28.6%).  No isolates were found 
in B2 group, a known pathogenic group.
2.2. RAPD-PCR cluster analysis
Because part of isolates showed 100% similarity, the cut-off 
levels for type identification were set at 100% (Fig. 2).  From 
the 145 isolates, 103 fingerprint patterns were identified, 
of which 26 types were shared by multiple isolates and 
the remaining types were represented by only one isolate. 
Three common types (T18, T86, T99) were regularly shared 
within healthy and endometritis cows.  Total 39 and 61 types 
were identified in healthy and endometritis cows respectively 
(Table 1).  In more than 50% of the subjects (30 cows), 2 to 
3 different types were identified.  A cluster analysis was also 
performed based on the RAPD-PCR pattern.  Isolates from 
endometritis cows showed more genetic variability than that 
of healthy cows.  The most of E. coli isolates (142) were 
assigned to four clusters (Fig. 2): cluster 1 (11 types within 
11 isolates vs. 6 types within 7 isolates), cluster 2 (34 types 
within 44 isolates vs. 21 types within 28 isolates), cluster 3 
(15 types within 23 isolates vs. 9 types within 11 isolates) 
and cluster 4 (3 types within 6 isolates vs. 5 types within 12 
isolates), respectively.  However, high proportion of group A 
strains in the endometritis cows were revealed from clusters 
1 and 3, whereas elevated percentage of group B1 strains 
in the endometritis cows were found from cluster 2 and the 
majority of group D strains were observed in the healthy 
cows (Table 1).  No relationship was noticed within bacterial 
phylogeny clusters and clinical endometritis.
Fig. 1  Distribution of uterine Escherichia coli isolates in 
phylogenetic group between healthy animals and clinical 
endometritis animals. 
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Fig. 2  Dendrogram generated by Gelcompare 6.0 (Applied Maths, Sint-Martens-Latem, Belgium) software of RAPD fingerprints 
of 145 uterine bovine E. coli isolates.  The degree of similarity (%) between fingerprints is given at the top by Dice’s similarity 
coefficient (SD) with a 0.5% position tolerance.  The clonal types were defined at the cut-off level of 100%.  a, designed using the 
prefix H (health) or M (endometritis) followed by two sets of numbers, the first number indicates the cow and the second number 
indicates the isolates from one sample (e.g., H-24-2 means the second isolates recovered from the healthy cow 24).  b, clonal 
type.  c, phylogenetic group.
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2.3. Detection of VF genes and association of VF with 
the risk of postpartum endometritis
To identify bacterial genes important for establishing endo-
metritis, 20 virulence genes associated with adhesion and 
invasion were examined (Torres et al. 2005; Baumgart et al. 
2007; Abe et al. 2008).  Out of 20 virulence factors (VFs) 
tested, only 10 genes were detected positive in E. coli iso-
lates: crl, fimH, hlyA, hlyE, astA, OpmA, OmpC, OmpF, papC 
and flic (Table 2).  All isolates carried the crl, hlyE and hlyA 
genes, while only one isolate harbored the hlyA gene and 3 
isolates carried the papC gene.  The proportion of detected 
genes fimH, astA, OmpC, OmpF and flic in all isolates were 
78–100%, however, the healthy cows also carried VF genes 
and were even revealed more representatives.  Among 
these identified VF genes, the fimH, OpmA and OpmF genes 
showed higher proportion in endometritis cows compared 
with that in healthy cows, while vice versa was noticed in 
case of astA, flic and papC genes.  A further analysis was 
performed on fimH, astA, OmpA, OmpC, OmpF and flic 
to evaluate their association with the incidence of clinical 
metritis.  Cows carrying fimH, OmpA and OmpF genes had 
14.047, 1.147, and 1.196 times odds, respectively, and 
showing clinical endometritis compared with the cows that 
did not present uterine contamination, while only fimH gene 
was significantly (P<0.05) associated with endometritis.  No 
relationship was found between the phylogeny of E. coli 
isolates and the presence of VF genes.
2.4. Antimicrobial susceptibility of E. coli
The antimicrobial resistance or sensitivity of E. coli to 23 
antibiotics was summarized in Fig. 3.  In healthy cows, the 
isolates were observed highly resistant to ampicillin (AMP), 
carbenicillin (CAR), amoxicillin (AMX) and tetracycline 
(TE) antibiotics (41.0–63.9%), followed by cefazolin (CFZ), 
Table 1  Characteristics of clonal types and phylogeny of Escherichia coli isolates recovered from postpartum dairy cow uterus
Cluster Healthy/Endometritis1） Clonal types No. of isolates (%) Phylogenetic group Clonal type (no. of isolates)
Cluster 1 H 6 7 (11.47) A 1 (1)
B1 5 (6)
D –
M 11 11 (13.09) A 9 (9)
B1 2 (2)
D –
Cluster 2 H 21 28 (45.9) A 9 (10)
B1 12 (17)
D 1 (1)
M 34 44 (52.38) A 9 (11)
B1 25 (32)
D 1 (1)
H×M 1
Cluster 3 H 9 11 (18.03) A 3 (3)
B1 6 (8)
D –
M 15 23 (37.70) A 11 (17)
B1 4 (6)
D –
H×M 1
Cluster 4 H 5 12 (19.67) A –
B1 4 (8)
D 1 (4)
M 3 6 (9.84) A 1 (1)
B1 1 (4)
D 1 (1)
H×M 1
Out of cluster H 1 2(3.28) A –
B1 1 (2)
D –
M 1 1(1.64) A –
B1 1 (1)
D –
1) H, healthy cows; M, endometritis cows.
–, not detected.
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cefalotin (KF), cefuroxime (CXM), gentamycin (GEN), ciprofloxacin (CIP), 
mezlocillin (MLC) and sulfamethoxazole (TSM) (11.5–26.2%).  The remain-
ing isolates showed very low resistance to cefoperazone (CFP), cefotaxime 
(CTX), ofloxacin (OFX), netilmicin (OF), tobramycin (TOB), chloramphenicol 
(CHL) and nitrofurantion (F) (1.6–9.8%), however no isolates were resistant 
to cefepime (FEP), ceftazidime (CAZ), meropenem (MEPM), amikacin 
(AMK) and kanamycin (KAN).  The isolates from endometritis cows showed 
strong resistance to AMP, CAR, MLC, AMX and TE (47.6–71.4%), followed 
by CFZ, KF, CXM, CTX, GEN, CIP, OFX, TSM and CHL (11.9–35.7%). 
The remaining isolates were resistant to FEP, CFP, CAZ, KAN, TOB and 
F (1.2–9.5%), while no isolates had resistance to MEPM, AMK and OF. 
E. coli strains showed high resistance values (>50%) to TE, AMP, CAR and 
AMX antibiotics in both groups, while most of the strains were noticed sen-
sitive to FEP, CAZ, KAN, TOB and F.  The higher percentage of resistance 
was observed to 17 of total 23 antibiotics in the isolates of endometritis 
cows than that of healthy cows.  The number of resistant isolates differed 
greatly between endometritis and healthy cows to TE 71.4% vs. 41.0%, 
MLC 47.6% vs. 24.6%, OFX 11.9% vs. 3.3%, CHL 20.2% vs. 6.6%, CFZ 
26.2% vs. 16.4% and KAN 9.5% vs. 0.0%, respectively.
3. Discussion
In the current study, 103 fingerprint patterns of E. coli were found both 
in healthy and endometritis cows, which could be associated with RAPD 
technique.  Previously, Sheldon et al. (2010) stated that multiple isolates 
within a phylogroup from 114 E. coli isolates were found similar in overall 
genotype by RAPD analysis.  Some other investigators by using meth-
ods of enterobacterial repetitive intergenic consensus (ERIC)-PCR and 
repetitive extragenic palindromic (REP)-PCR obtained 44 types within 72 
E. coli isolates recovered from uterus of cows (Silva et al. 2009).  They also 
compared the results of the both techniques and concluded that REP typing 
provided more information than the ERIC, and the agreement between the 
findings was only about 30%.  It might be due to genome size differences 
(Bergthorsson and Ochman 1998).  This suggests that the combination of 
other techniques would provide more information, greater discriminatory 
power and higher reproducibility than either of the technique alone.  Many 
types of E. coli isolates found common in different animals may also implied 
that they could be shared or transmitted within animals.  In our experiment, 
the specific clonal types have been identified in healthy and endometritis 
subjects, but their relationship with uterine infection remains uncertain due 
to various factors, such as the differences of the numbers of cows, the 
average number of isolates from each sample and the number of E. coli 
isolates obtained from the two groups.
During this study, the majority of isolates were allocated to phyloge-
netic group A and B1 while, few isolates to group D.  Some researchers 
found 3 E. coli isolates from cows with pelvic inflammatory disease (PID) 
were assigned to group B2 (Sheldon et al. 2010) known as extraintestinal 
pathogenic group (Picard et al. 1999), while the others were predominantly 
in A and B1 groups.  Several studies showed that E. coli from groups A 
and B1 are usually considered commensal in the intestine and commonly 
revealed in the feces of healthy cows.  Picard et al. (1999) indicated that 
extraintestinal pathogenic E. coli from group B2 is more frequent and Ta
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potentially more pathogenic.
To elucidate the etiological roles of E. coli in the patho-
genesis of puerperal uterine infections, the presence of 20 
VF genes in E. coli strains related to adhesion, invasion 
and blood hemolysis were screened.  Only 10 genes were 
identified positive, and out of these 10, fimH was significantly 
associated with the incidence of clinical endometritis.  In 
human, canine and mice, the fimH adhesin of type 1 fimbriae 
containing is an important adhesion and invasion factor and 
present in virtually uropathogenic E. coli, which is a major 
cause of increasing bacterial persistence and stimulating 
mucosal inflammation (Langermann et al. 1997).  FimH has 
been shown to facilitate binding of uropathogenic E. coli 
to canine endometrium (Krekeler et al. 2012), the urinary 
tract in mice (Aronson et al. 1979) and human (Ofek et al. 
1977).  In bovine metritis, Sheldon et al. (2010) reported 
that endometrial pathogenic E. coli expressed the fimH 
gene, and fimH partly mediated adhesion of the uterine 
E. coli to the endometrial cells, furthermore they suggested 
that infusion of carbohydrates that bind type 1 pili may be 
useful for prevention of PID.
In the present study, E. coli strains from both the healthy 
and endometritis cows were sensitive to FEP, CAZ, AMK 
and TOB, and mostly resistant to TE, AMP, AMX, CAR and 
MLC, particularly higher values were observed in endo-
metritis subjects.  In contrast other investigators showed 
that E. coli strains from the uterus were mostly susceptible 
to amoxicillin and oxytetracycline (Brodzki et al. 2014), 
ampicillin and streptomycin (Sheldon et al. 2010), or ceft-
iofur (Drillich et al. 2007).  These findings were consistent 
with practical application at our experimental farm, where 
tetracyclines and penicillin were kept at the first choice of 
Fig. 3  Sensitivity to antibiotics of E. coli isolated from uterine secretions in healthy cows (A) and endometritis cow (B).  S, sensitive; 
I, intermediate; R, resistant. AMP, ampicillin; MLC, mezlocillin; CAR, carbenicillin; AMX, amoxicillin; CFZ, cefazolin; CEF, cefalotin; 
FEP, cefepime; CFP, Cefoperazone; CXM, cefuroxime; CTX, cefotaxime; CAZ, ceftazidime; MEPM, meropenem; GEN, gentamycin; 
AMK, amikacin; KAN, kanamycin; OF, netilmicin; TOB, tobramycin; TE, tetracycline; CIP, ciprofloxacin; OFX, ofloxacin; TSM, 
sulfamethoxazole; CL, nitrofurantoin; F, nitrofurantoin.
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selection for the prevention and treatment of uterine dis-
eases in postpartum cows.  However, our results presented 
the increase of broad spectrum of antimicrobial resistance 
induced by antibiotics, including penicillin, cephalosporins 
and tetracyclines indicating that overuse of antibiotics might 
increase the resistance of microbes thus creating challenge 
for pharmacy and veterinary practitioners.  The differences 
between the findings in literature might be due to the type of 
antibiotics used, the duration of application and the number 
of animals detected.  Malinowski et al. (2011) suggested that 
fluoroquinolones should be considered in the treatment of 
endometritis due to its high sensitivity (100%) against E. 
coli isolated from inflamed uterine secretions.  Therefore, 
fluoroquinolones including FEP, CFP, amikacin with the 
relative high sensitivity against E. coli could be considered 
for the treatment of inflamed uteri at our experimental farm. 
However, in the light of our experimental limitations, it was 
suggested that the large number of isolates and cows 
from different farms are to be needed for further studies to 
produce general recommendations for effective use of the 
different antibiotics.
4. Conclusion
This study suggested that large number of isolates in total, 
less isolates from the same animal, different herd sources, 
other methods of analysis along with RAPD, and healthy 
cows with neutrophils determination to remove subclini-
cal cases should be considered for future study.  E. coli 
isolates carried 10 of 20 tested virulence genes, and only 
fimH showed significant relation to the incidence of uter-
ine infection.  E. coli strains were found highly resistant 
to tetracyclines, ampicillin, carbenicillin and amoxicillin, 
but these microbes showed sensitivity against cefepime, 
ceftazidime, netilmicin, tobramycin, and amikacin, so these 
drugs could be considered for preventing and treating clini-
cal endometritis in the practical management of dairy cow.
5. Materials and methods
5.1. Animals and E. coli isolation from the uterus
This study was conducted at a dairy farm in Jiangsu Prov-
ince, China, from October 8, 2011, to December 2011.  The 
herd encompassed of 800–1 000 Holstein milking cows with 
average annual milk production 8 000 liters per cow.  The 
animals were housed in free stall barns, bedded on straw 
and milked 3 times a day.  Cows were offered a total mixed 
ration based on corn silage, alfalfa hay and concentrates to 
meet the National Research Council (NRC 2001) nutrient 
requirements for lactating Holstein cows with 650 kg body 
weight and 27 liters milk per day with 3.2% fat and 3.1% 
protein.  
Following parturition, the cows were clinically examined 
daily up to 4 weeks.  The cows identified having clinical 
metritis at the farm, were mostly treated with injections of 
tetracycline and penicillin group medicines.  The transcervi-
cal guarded swabs were used to collect uterine fluid through 
a sterile procedure at 25–35 days of calving.  Uterine swabs 
were collected as follows: In each cow, the vaginal wall and 
the cervix were palpated aseptically after washing and dis-
infecting the vulva.  The cows with bigger stiffening cervix 
and abnormal discharge of vagina were identified, and an 
insemination pipette guarded by an outer protective sterile 
plastic sheath was carefully passed through the cervix into 
the uterine lumen.  Then the pipette was removed and a 
syringe was fixed on the external end of the plastic sheath. 
The sample of fluid was aspirated into a 10-mL sterile tube. 
The color, odor, proportion and volume of pus of sample 
fluid were recorded.  Cows with exudate containing white 
or yellow, occasionally sanguineous, around 50% purulent 
or mucopurulent material were assigned as clinical endo-
metritis, while cows with clear or translucent mucus were 
considered as health based on the criteria reported by Wil-
liams et al. (2005).  One sample collection was performed for 
each cow.  All samples were transported to the laboratory at 
4°C until these were further processed.  The animals used 
in the current study were approved by the Animal Care and 
Use Committee of Nanjing Agricultural University (Nanjing, 
Jiangsu, China).
The E. coli isolates were recovered from cows either 
healthy or suffering clinical endometritis following parturition. 
Swabs were processed for bacterial isolation and species 
identification as previously described (Silva et al. 2009; 
Sheldon et al. 2010).  Briefly, the uterine swabs were taken 
to the laboratory and cultured aerobically on MacConkey 
agar plates at 37°C overnight.  The purple-red colonies were 
picked and subsequently streaked on eosin methylene blue 
(EMB) agar (Tianhe, Hangzhou, China) for isolation and 
further identification of E. coli strains (Wang et al. 2010). 
The confirmed E. coli strains were stored in nutrient broth 
containing 50% glycerol at –80°C.
5.2. DNA extraction, PCR amplification and bacterial 
phylogenetic grouping
The E. coli strains were inoculated into 5 mL liquid Luria-Ber-
tani (LB) broth with gentle shaking at 37°C for 12–18 h. 
Then, 1 mL aliquot of each strain was transferred into a 
1.5-mL Eppendorf tube and centrifuged at 12 000 r min–1 for 
5 min.  The pellet was resuspended in 100 μL sterile distilled 
water and boiled for 15 min, used as the DNA templates for 
PCR amplification later (Madico et al. 1995).
The genes, ChuA and YjaA were targeted through mul-
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tiplex PCR and the DNA fragment TspE4.C2 was used for 
phylogenetic grouping (Clermont et al. 2000).  The group-
ing of isolates was done as follows: negative for chuA and 
TspE4.C2 (A), positive for TspE4.C2 but negative to chuA 
(B1), positive for ChuA and YjaA (B2) and positive for ChuA 
while negative to YjaA (D) (Appendix A).  The PCR reaction 
mixture (20 μL) contained 7 μL sterile distilled water, 1 μL 
each primer (10 μmol L–1), 1 μL DNA template and 10 μL 
premix buffer (0.4 mmol L–1 2× dNTP mixture, 1.25 U Taq 
DNA polymerase and 2× Taq buffer).  The conditions were: 
94°C for 5 min; 30 cycles of 94°C for 30 s, 55°C for 30 s 
and 72°C for 90 s; and 72°C for 7 min.  The products were 
checked by electrophoresis on a 1.2% agarose gel (w/v). 
All primers used in this study were listed in Appendix B.
5.3. Bacterial genetic diversity analysis
Random amplification of polymorphic PCR (RAPD-PCR) 
was conducted using the informative primer 1283 (5´-GCG 
ATC CCCA-3´) to evaluate the genetic diversity of E. coli 
strains as described by Bicalho et al. (2010).  The composi-
tion of RAPD-PCR reaction mixture was similar to the PCR 
mixture for phylogenetic grouping instead of the addition of 
8 μL distilled water and 1 μL primer.  The conditions were: 
94°C for 5 min; 45 cycles of 94°C for 1 min, 38°C for 1 min 
and 72°C for 2 min; and 72°C for 6 min (Berg et al. 1994). 
The PCR products were resolved by 2% agarose gel elec-
trophoresis.  To reduce the variation of experiment, PCR 
amplicons from all isolates were run in the same concen-
tration and volume of gel, and the same running time.  The 
evaluation of each observed band in the gel was performed 
by the presence (encoded 1) or absence (encoded 0) of 
polymorphic fragments from RAPD profile.  Each isolate 
was considered as an operational taxonomic unit (OTU).  In 
order to reduce the number of OTUs in the dendrogram and 
to facilitate interpretation, the isolates with 100% similarity 
were treated as a single type (Berg et al. 1994).
5.4. Detection of virulence factors
Touch-down PCR using primers specific for genes (Ap-
pendix B) was performed to identify the presence of 20 
E. coli virulence factor (VF) genes: pap (P fimbriae), sfaDE 
(S fimbriae), hlyA (hemolysin A), cnf1 (cytotoxic necrotizing 
factor 1, CNF1), stx1 and stx2 (shiga toxins 1 and 2), eaeA 
and aggR (intimin), iucD (aerobactin), hlyE (hemolysin E), 
crl (Curli fimbriae), fimH (type 1 fimbriae), flic (flagellin), 
astA (heat-stable enterotoxin), ibeA (invasion protein), 
OmpA, OmpC and OmpF (outer membrane protein), kpsMII 
(protectins) and malX.  The amount and composition of the 
reaction mixture (20 μL) was the same as that of PCR am-
plification for phylogenetic grouping.  Cycling parameters 
modified from Huang et al. (2001) were: 94°C for 5 min; 
94°C for 30 s, 68°C for 30 s and 72°C for 30 s, then the 
annealing temperature is progressively lowered from 68°C 
to 55°C by 1°C every cycle, 2 cycles of the programme 
were run at each annealing temperature, finally followed 
by 25 additional cycles at 55°C with a single final exten-
sion cycle at 72°C for 7 min.  Amplification products were 
separated by electrophoresis through a 2.0% agarose gel.
5.5. Antimicrobial susceptibility testing
All E. coli isolates were examined against 23 antimicrobial 
agents by disk diffusion in Mueller-Hinton agar (MHA) 
according to the Clinical and Laboratory Standards Insti-
tute (CLSI) guidelines (Watts et al. 2008).  The following 
antimicrobial agents were used: ampicillin (AMP, 10 μg), 
mezlocillin (MLC, 75 μg), carbenicillin (CAR, 100 μg), 
amoxicillin (AMX, 20 μg), cefazolin (CFZ, 30 μg), cefalotin 
(KF, 30 μg), cefepime (FEP, 30 μg), cefoperazone (CFP, 
75 μg), cefuroxime (CXM, 30 μg), cefotaxime (CTX, 30 
μg), ceftazidime (CAZ, 30 μg), meropenem (MEPM, 10 
μg), gentamycin (GEN, 10 μg), amikacin (AMK, 30 μg), 
kanamycin (KAN, 30 μg), netilmicin (OF, 30 μg), tobramycin 
(TOB, 10 μg), tetracycline (TE, 30 μg), ciprofloxacin (CIP, 
5 μg), ofloxacin (OFX, 5 μg), sulfamethoxazole (TSM, 1.25 
μg), chloramphenicol (CHL, 30 μg), nitrofurantion (F, 300 
μg).  The examined antibiotics were categorized mainly 
as penicillin, cephalosporin, tetracycline, aminoglycoside 
and fluoroquinolone.  The final results were classified as 
sensitive (S), intermediately sensitive (I) and resistant (R) 
based on CLSI criteria.
5.6. Data statistical analysis
Hierarchical cluster analysis was performed using the 
RAPD-PCR agarose gel pattern data.  Gelcompar 6.0 was 
employed for cluster analysis based on Dice’s similarity 
coefficient (SD) with a 0.5% position tolerance and the 
unweighted pair group method using arithmetic averages 
(UPGMA) (Wang et al. 2010; Gündoğdu et al. 2012).  Boot-
strap values were calculated from 1 000 replicate analyses. 
Binary logistical regression model was performed to assess 
the effect of the VF on the odds of endometritis.  The de-
pendent variable in this model was endometritis (yes or no), 
and the independent variable was the individual identified 
VF.  To facilitate data analysis and interpretation, a 2-level 
variable was created for the 10 detected VF of each E. coli 
isolates (0 when the VF factor was absent, 1 when the VF 
factor was present).  Significance was declared at P<0.05. 
Data were analyzed using SPSS software package (ver. 
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16.0, SPSS, Inc., Chicago, IL, USA).
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